New research suggests that rats can learn new spatial information in the absence of cell firing. A small enhancement of GABAergic inhibition with a low dose of muscimol blocked cell firing but left long-term potentiation induction intact, while behaviorally it blocked memory retrieval but left memory encoding intact.
In most situations, learning new information (i.e., memory encoding) and performance (outputting behavior, for example, based on memory retrieval or other factors) are intermingled and difficult to separate. A key insight to setting up the dissociation of encoding and retrieval comes from arranging 'everyday memory'. For example, imagine a waiter who covers a new set of tables at a restaurant each workday. One might imagine that the waiter would initially return to yesterday's old table before setting out to the newly  assigned table. With experience, the  waiter would shift to the newly assigned  table. As reported in this issue of Current Biology, Rossato and colleagues [1] have arranged for an everyday memory assessment in rats. They used a Morris water maze with a platform, which was inaccessible for the first minute of searching, after which it was raised to be just below the surface of the opaque water. In the daily matching to place procedure, the platform rises at a new, unpredictable location on the first search of each daily session. Across a small number of subsequent trials, the platform consistently rises at that day's fixed location. This protocol allows for a separation of memory retrieval and encoding. If the rat remembers yesterday's platform location, it will swim to yesterday's location. Because the platform does not rise at yesterday's location, the rat gradually searches the pool until it finds the new location. After successfully locating today's new location, rapid new learning would lead the rat to today's location on subsequent trials. Across three successive days, this protocol isolates encoding on the first session, retrieval on the first trial of the second day followed by new encoding to update information about the second day's location. On the third day, the process repeats with retrieval of yesterday's old location and encoding of today's new location, which allows for an assessment of the effectiveness of learning that may have taken place on the previous day.
Rossato and colleagues administered a drug or vehicle shortly before the second session. This allows for potential dissociations of encoding, memory retrieval, and memory updating. Consider an animal given drug infusions directly into the hippocampus on the second session, followed by an assessment of performance in a post-drug third session.
A key interest is the search behavior on the first trial of each day. In the new study, 'silent learning' was observed using a low-dose of muscimol (which causes a small enhancement of GABAergic inhibition after intrahippocampal infusion) with searching behavior on the initial trial as follows: In the pre-drug session, the rats searched appropriately, meaning that much of the search path was directed at yesterday's location; thus, a high percentage of time was spent in the zone surrounding the previous session's location. On the second day (with muscimol present), searching behavior was unfocused all over the watermaze; correspondingly, the percent of searching in the zone surrounding yesterday's location was at the level expected based on random searching. On the third day (in the absence of drug), searching was correctly focused on yesterday's location; percent searching in yesterday's zone was again high. Apparently, although the rat could not accurately retrieve the first session's location during muscimol treatment, it was successful in learning to update the new location during the second session, as revealed in the drugfree state on the third session when the rat searched the second session's location. Thus, low-dose muscimol permitted memory overwriting despite the absence of memory retrieval. Notably, muscimol at the same low dose blocked cell-firing in in vivo electrophysiology studies but did not block long-term potentiation (LTP). LTP is the major candidate for a synaptic mechanism of learning and memory, in which persistent strengthening of synapses produces a long-lasting increase in signal transduction of cellular firing. Thus, Rossato and colleagues showed that silent learning can occur when cell firing is largely absent.
Rossato and colleagues used the same approach to show that blocking of hippocampal NMDA receptors impaired induction of LTP and memory encoding without affecting retrieval. They also showed that blocking of AMPA receptors impaired excitatory synaptic transmission and cell firing and also impaired both memory encoding and retrieval.
Rossato and colleagues are interested in declarative memory, and they suggest that silent learning would correspond to the encoding of new episodic-like memories in the absence of retrieval. Unlike semantic memory, which consists of factual knowledge about the world, episodic memory consists of memories of specific events. These observations raise interesting connections to recent efforts to develop animal models of episodic memory that focus on incidental encoding [2] [3] [4] [5] [6] [7] [8] [9] [10] . These efforts have shown that animals can remember incidentally encoded information and that they do so using episodic memory [2] [3] [4] [5] [6] [7] [8] [9] [10] .
Although events are not always known to be important when they occur, people can nonetheless remember details about such events using episodic memory. Tom Zentall [2] [3] [4] [5] [6] identified a key problem in experiments designed to document episodic memory in animals. Importantly, when information is encoded for use in an expected test of retention (as in most memory assessments in animals), it is possible that the explicitly encoded information is used to generate a planned action [2] [3] [4] [5] [6] ; thus, at the time of a subsequent test, the remembered action can occur without remembering the earlier episode. By contrast, when information is encoded incidentally, it is impossible to transform information into a specific action plan because the nature of the subsequent test is not yet known. Thus, accurate performance in an unexpected test after incidental encoding documents retrieval of an episodic memory [2] [3] [4] [5] [6] .
To expand on the concept of incidental encoding, I will describe an experiment from my lab on this problem which used an eight-arm radial maze [7] . Rats foraged on five of the eight arms, depleting food as they searched locations; a specific set of five arms was reserved exclusively for foraging. On other occasions, three other arms were used, which were configured in the shape of a T; a specific set of three arms was reserved for the 'T maze' embedded within the radial maze. The rats were trained to 'report' about the presence or absence of food by making left/right turns in the T configuration. On a critical test of episodic memory, the animals were permitted to forage and then prompted, for the very first time after foraging, to report whether they had just eaten food or not. After discovering food, the rats made the corresponding turn to indicate that they remembered the food whereas they turned in the opposite direction when they foraged but did not find any food [7] . Rats naturally and spontaneously (i.e., without the need for training) forage by avoiding revisits to recently visited locations [11, 12] . Foraging likely provided an opportunity for incidental encoding because explicitly encoding the presence of food during foraging would have produced a preponderance of turns in the corresponding direction, which would preclude the observed high level of spatial-memory accuracy in foraging. Moreover, when the hippocampus was temporarily inactivated (by intrahippocampal infusion of lidocaine), whereas the ability to answer an expected question was not impaired, the ability to answer the unexpected question was selectively eliminated [7] . Because episodic memory is hippocampal dependent [13] , these data support the conclusion that the rats used episodic memory to answer the unexpected question.
Although modification of synaptic transmission is a plausible mechanism of associative learning [14] , it is unlikely to mediate incidental encoding [15] , an observation that is reinforced by Rossato and colleagues' concept of silent learning. Perhaps silent learning can be demonstrated in episodic memory by using an incidental-encodingunexpected-question approach.
